In Taï 
I. INTRODUCTION
The Chimpanzee (Pan troglodytes), is one of the most studied because of its genetic proximity with human. In the multitude of subjects covered, food ecology holds a special place. Indeed, the diet of chimpanzees has been studied across Africa in various habitat types ( [1] , [2] ). These studies show that the diet of chimpanzees is varied, consisting predominantly of fruit, but supplemented by the frequent consumption of other plant material (such as leaves, pith, seeds, Bark) and insects (ants, termites, etc.). From time to time, meat is also consumed. Although it represents only 1 to 3% of the entire annual diet, it remains a highly valued element ( [2] , [4] ).
Studies on the diet of chimpanzees have resulted in the publication of long lists of species consumed [5] . However, whenever the relative contributions of these species are given, it appears that, on a broad spectrum of plants consumed during the year, only very few constitute the basic diet. Field studies have shown that primates do not feed at random but have clear preferences for certain parts (fruits, flowers, leaves ...) or certain plant species [6] . Thus, over a broad spectrum of potentially available food resources, they spend a considerable amount of time consuming a limited number of fruit species ( [7] , [8] , [9] ). This varied food repertoire would doubtless be only the response to changes in fruit production. Thus, they were described as "opportunistic frugivorous" by [10] .
Since 1979, three distinct neighboring communities of chimpanzees of the Taï National Park, habituated to human observers [11] have been studied. The territory of each community was characterized based on species diversity and structural parameters of their habitats [12] . These habitats were reached of 264 plant species, with dbh (Diameter at breast height) greater than 10 cm, dominated by Diospyros mannii, Calpocalyx brevibracteatus, and Coula edulis which are food species for chimpanzees [13] in Taï area. Also, [14] have demonstrated that the Taï National Park chimpanzees crack the nuts of some plant species such as Coula edulis and Parinari excelsa using stones as hammers to open the nuts. However, these studies did not give the general activity and feeding patterns of these chimpanzees. Also, the diversity and the importance of the variability of the food types in the diet at Taï level are not well documented. The current study tries to answer the following question: how chimpanzees in the Taï National Park allocate their time to the activities and the various food resources available in their territory and how the consumption of the food varies through time during a year. The main objective was to characterize the TNP chimpanzees' activities and their feeding patterns. For this, we have identified the activity and feeding patterns and estimate the ISSN: 2394 -2568 http://www.internationaljournalssrg.org Page 108 diversity of plant species composing their diet. By contributing to a best knowledge of chimpanzees' food types and variability, this study establishes a scientific basis for their communities monitoring and its viability in the Tai National Park.
II. METHODS

A. Study site
We collected data in the Taï National Park, on chimpanzee communities (Figure 1) , over a period of 15 consecutive months from October 1999 to December 2000. The Taï National Park, comprises evergreen lowland rain forest and remains the largest protected forest fragment in West Africa. The Tai Chimpanzee Project was established in 1979 in the west of Tai National Park, Côte d'Ivoire. Habituation of North community was completed by 1984 and of South and Middle communities by 1995. Almost daily observations of all communities have been ongoing since. For more information about this field site see [11] .
The studied communities have never been provisioned and are fully habituated to researchers [15] . There are twelve species of diurnal primates including chimpanzees, black and white colobus monkeys. The climate is characterized by two rainy seasons (Mar-June and September-October) and two dry seasons (July-August and November-February) with approximately 1,800 mm rainfall per year [11] . The mean monthly temperature varies between 24-28°C.
The Taï National Park is of high importance for global biodiversity, and contains about 1300 species of trees and shrubs ( [16] , [12] ). The TNP chimpanzee communities live in a territory containing at least 264 plant species (with dbh ≥ 10 cm) belonging to 180 genera and 52 botanical families [17] , The dominant plant species are Diospyros mannii, Calpocalyx brevibracteatus, and Coula edulis [12] . The studied territories present a density (486.5 individuals/ha) and a basal area (30.88 m2/ha) similar to those of most tropical forests [16] . Vegetation structure reveals that those habitats are stable with high regeneration capacity. 
B. Data collection
To quantify activity budgets, we collected instantaneous focal animal samples [18] on individual chimpanzees. We followed an individual animal for approximately eight hours each day. We changed focal animals daily (when possible) and all adult chimpanzees from the communities were followed as focal subjects. We recorded all activities of the target individuals. Focal animal behaviors were classified as: feeding (foraging), travelling, or resting. Feeding was defined as active consumption of plant parts (e.g. fruits, leaves) as well as soil and prey, while travelling was time spent moving from a point to another and resting as time devoted to inactivity. We noted as "Other interactions", activities where the target animal ISSN: 2394 -2568 http://www.internationaljournalssrg.org Page 109
was involved in social interactions such as grooming, playing, mating, or hunting. About feeding behavior, in order to quantify the diet, we noted the time spent on the type of food eaten when the focal animal was foraging. The food item was classified as "Animal food" (insects and animal preys), "Plant food" (fruits, seeds, leaves, pith, flowers) or "Other" (soil, rotten wood). For "Plant food", the plant species was noted and the part eaten specified. We distinguished fruits, leaves, piths and other parts. Under the term fruit, we grouped all types of fruits and seeds. There was no distinction made between mature and unripe fruit in this classification. All plant species entering the diet of chimpanzees were noted.
C. Data analysis
We compiled the monthly data in two ways. First, we simply calculated the mean percent of monthly feeding time devoted to each food across all months in the sample (N=15). Then, the overall diet was defined as all food species consumed by the chimpanzees during the study period. Secondly, we examined foods in terms of their importance in the chimpanzee diet. We defined important food as those consumed for more than 5% of the total feeding time.
For each consumed plant part, the seasonality variability was compared considering rainy seasons (March, June, September and October) and relatively dry seasons (July, August, November and February) by using t-test or Man-Whitney U test when the parametric test could not be applied. .
In order to determine the most consumed plant species, we classified them according to several criteria, namely their consumption time during the 15 months of the study and the number of months during which they were consumed. Dietary variability was described in terms of diversity (number of plant foods species eaten each month). We calculated dietary diversity in two ways. First, we calculated a diversity value for each month and for the composite diet using the Shannon Diversity Index (H') according to the following formula:
In this formula, p is the percentage of feeding time accounted for by the ith species and ln(p) is the natural logarithm of this value.
Following [19] , we also calculated a normalized diversity value, [20] equitability index, or J' for each month and for the composite diet to control for variation in the number of foods; this is given by:
Where N is total number of plant foods species eaten during the study period
III. RESULTS
D. Activity and feeding patterns
During the 15 month-period of the study, the chimpanzees of Taï National Park spent most of their time feeding (54.07%), followed by resting (24.66%), travelling (16.32%), and other interactions Concerning animal resources, the studied chimpanzees have consumed meat from monkeys caught during hunting parties that they organize regularly. They also consume many species of insects, termites and ants. These different animal resources represent an average of 1.77% of the time devoted to food. Other food resources consist mainly of mushrooms, mineral and organic matter (soil and rotted wood) and water. They represent on average 0.75% of the time devoted to food.
Concerning the plant food (Figure 4) , the chimpanzees were observed to feed on all plant parts, the preferred parts being fruits (84.91%), followed by leaves (10.52%), pith (3.41%) and other parts (1.16%). During the dry season, fruit were consumed with 92% of the time. This duration decreases at 79 % in wet season. In contrast, the leaves consumption time increased from dry season (4%) to wet season (17 %). There was a significant difference in fruit (p = 0.0091) and leave (p = 0.0066) consumption between dry and wet months. Piths are the soft central part of nonwoody herbaceous plants or monocotyledons commonly encountered in flooded environments. They represent on average 4% of the time devoted to plants. The other parts are flowers, barks, gums and resins. They represent less than 1% of the time devoted to plants. Pith and other parts consumption showed not significant difference between seasons ( Figure 5 ). 
E. Diversity of the plant species consumed
Composition of Chimpanzees' diet in Taï National Park during the study period (15 months) is given in Table 1 .
During the 15 month-period of the study, the chimpanzees in the Taï National Park were found to eat at least 157 different types of food from 118 species of plants belonging to 42 taxonomic families. The Fabaceae contributed 16 species followed by Malvaceae with 11 species.
Seven plant species were consumed for more than 5% of total feeding time. They accounted for 55.73 % of total feeding time. The most widely consumed species are Parinari excelsa, Sacoglottis gabonensis, Coula edulis, Ficus spp, Klainedoxa gabonensis, Scotellia klaineana, Chrysophyllum taiense. Among these species, Parinari excelsa with 15.42 % of feeding time has been eaten during all the 15 months. Eighty-six (86) species were eaten for their fruit, fiftyone (51) for their leave, ten (10) for their pith and two (2) for their flower. Fifty (50) plant species accounted for less than 1% of the feeding time and chimpanzees spent 50.2% of the feeding time on only six species ( Table 1) . 
IV. DISCUSSION
The chimpanzees from Taï National Park spent more of the half of their time feeding. They rest more than they travel. As shown by ([21] [22]), Primates display wide interspecific and intraspecific variations in activity patterns. Some species spend much of their time foraging while travelling over long distances each day and surviving on patchy, high quality food sources. Other species adopt a strategy of energy conservation, feeding on relatively abundant food items and spending most of the day resting, and travelling short distances, that is the case of Taï chimpanzees. The relative low amount of time spent on travelling by the chimpanzees in Taï National Park may indicate an adaptation to their environment. Indeed, the stability of these chimpanzee habitat was demonstrated by [12] . This fact is also confirmed by the regular time spent on social activities (grooming, playing, mating,). Indeed, according to [23] , once the chimpanzees' home range was defined and food patches identified, travelling time for food searching decreases.
Our results showed that the diet of chimpanzees in the Taï National Park (TNP) is variable, consisting mainly of fruits supplemented by the frequent consumption of other vegetal materials (leaves, seeds, pith, and bark) and insects (ants, termites, etc.). However, the plant resources are the main food resource for Taï chimpanzees (97.49% of the time spent on food). This diet of chimpanzees is dominated in TNP by fruits (84.91 %). In Budongo, Uganda, [24] showed that chimpanzees are 90% frugivorous. [25] described them as "mostly frugivorous" in Rio Muni, Equatorial Guinea. In Tanzania, [26] reported that out of the 60% of the 80 food types of chimpanzees are fruits. In the same country, [27] reported 78% of time devoted to fruit and seed consumption by Kibale chimpanzees. [28] reported that fruits made up 35.7% of chimpanzee food types in the woodland savanna of the Kasakati Basin (Tanzania). By compiling chimpanzee diet data from 24 studies at 11 different study sites, [4] found an average value of 64% fruit. This value is similar to results from drier regions ( [29] : on average 62%). However, it is lower than the values usually obtained from chimpanzee populations in tropical moist forests such as Kibale (on average 78%) according to [30] . The chimpanzees of the Taï forest, with an average of 85% of time devoted to fruit consumption, position themselves as one of the most frugivorous populations. To balance their diet, from time to time, meat, a highly valued element [11] , whose importance varies according to the seasons, is also consumed by these primates in TNP. They also consume many species of insects, termites and ants during hunting parties that they organize regularly. study shows also that the chimpanzees of Taï National Park exploit a large range of plant species (118 species). This number is lower than the what can be expected by long term data. A comparison of the diets of this population of chimpanzees from Bossou in Guinea, Gombe and Mahale in Tanzania with that of the chimpanzees in the Taï National Park shows that they have a very rich diet in number of species as well. Although the composition of the diet reflects a preference and availability effect, these data suggest that a tropical forest habitat can provide a richer, more stable source of fruit than open habitats [31] . Generally, wild populations of chimpanzees are reported to consume variable numbers of plants, from only 45 plant species being recorded in Semliki, Uganda [32] to 200 plant species recorded in Bossou population (Guinea, [33] ). Thus, it appears that the diversity of diet in the released chimpanzees of TNP (118 plant species) is within the range found in wild animals.
The most widely consumed species are Parinari excelsa, Sacoglottis gabonensis, Coula edulis, Scotellia klaineana, Chrysophyllum taiense, Klainedoxa gabonensis, Ficus spp. These species have been also reported by [34] as food resource entering in the diet of many other primates. Among these species, [14] have demonstrated that the Taï National Park chimpanzees crack the nuts of Coula edulis, Parinari excelsa, Sacoglottis gabonensis using wood or stones as hammers to open the nuts to access the nutritious kernel. These chimpanzees spend 21.43 % of the year cracking one type of nut Sacoglottis gabonensis as reported by [35] . Coula edulis nuts are very abundant and the softest of all; Parinari excelsa is very large trees with irregular fruit production. For [36] one of the keystone resources entering in chimpanzees' feeding, is the fig, which is available throughout the year. Since figs are eaten almost every month in Tai, they should be considered as staple food rather than as reserves [19] .
Result from seasonal feeding comparison show that, fruit consumption time decreases during rainy months and increases during dry months. Generally, in African tropical humid forest area, fruit availability is maximal during dry months ( [37] , [38] ). The decreasing of fruit consumption during wet season was offset in PNT area by increased leaf consumption. Thus, the consumption of leaves increases during the rainy months and decreases during the dry months. In other words, based to the time allocation to leaves and fruits of the plants consumed, we demonstrated that these parts are not consumed in the same way within one year. However, the consumption of the other parts remains fairly constant throughout the year. "Optimal food search theory" predicts that an animal broadens its diet during periods of low food abundance, decreasing its specialization when the cost of food search increases [39] . It is shown that when the most popular fruits are not available, chimpanzees expand their diets to more widely available and often poorquality foods [40] . However, other studies have shown that increases in diet diversity during periods of low ISSN: 2394 -2568 http://www.internationaljournalssrg.org Page 115
food abundance are not significant ( [41] , [42] ). This suggests that the increase in consumption of poor quality plants remains more selective than the predictions of "optimal food search models", which do not incorporate concepts of absolute nutritional value, essential nutrient balance, and avoiding secondary toxic plant compounds [43] .
In the case of this study, we think that, the most obvious seasonal change in the diet of chimpanzees would be the variation in the number of plant species consumed according to the seasons. [44] suggested that leaf or seed consumption would be the last resort for mostly frugivorous primates. Thus, changes in the types of food items appear to be a common strategy for primates faced with fluctuations in fruit availability [45] . During periods of fruit shortages, chimpanzees in Kibale (Uganda) and Lopé (Gabon) increase their intake of a range of plant foods including leaves and marrow from terrestrial herbaceous plants ( [10] , [46] ). In Bossou (Guinea) and elsewhere, chimpanzees are increasingly exploiting oil palm nuts during periods of low food availability [41] . On some sites, figs (Ficus spp.), which are available throughout the year, are important alternatives during periods of shortage of other fruits [41] . In mountain forests where fruit diversity is low, figs are the preferred food throughout the year [47] . In Taï, we did not observe during this study of period of food restriction because on average, 30 species of plants entered monthly in the diet. However, a relatively small number of species (11 species) represented more than 75% of the total time devoted to feeding.
V. CONCLUSIONS
This study reveals interesting changes in feeding ecology and activity patterns in released Taï National Park (TNP) chimpanzees over the investigated time period of 15 months. The chimpanzees from Taï National Park spent more of the half of their time feeding and spent least time on travelling. Many plant species have been identified as entering in the feeding composition of these chimpanzees. Due to the availability of at least 30 plant species entering each month in their feeding, social and ecological sustainability of these chimpanzees' communities in the TNP could be ensured. Fruits, the most attractive food type, are more available in the dry than the wet season. However, chimpanzees in TNP are ecologically flexible omnivores with broad diets comprising many plant and animal foods. The changes in activity pattern as well as the changes in feeding ecology of these chimpanzees seem to reflect important behavioral and ecological adaptations to their environment.
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